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I.  PERSONNEL  SUPPORTED 

Dr.  Leon  Jay  Gleser,  Principal  Investigator 
Dr.  David  S.  Moore 

Dr.  George  Casella  (June  1 - August  1,  1977) 

Dr.  Daniel  P.  Mllhalko  (June  1 - August  1,  1977) 

Mrs.  Alice  Sun  Huang  (September  1,  1977  - May  31,  1978) 

Mr.  Richard  Sundhelm  (September  1,  1977  - August  1,  1978) 

Mr.  V.  Ramaswami  (September  1,  1977  - December  31,  1977) 

Mr.  Jlunn  Fzon  Hwang  (September  1,  1978  - May  31,  1978) 

II.  SUMMARY  OF  RESEARCH  AND  OTHER  ACTIVITIES 

Numbered  references  (e.g.[3])  refer  to  the  bibliography  of  publications, 
etc..  In  Part  III  of  this  report. 

A.  RESEARCH  OF  DR.  LEON  JAY  GLESER 
1.  Improved  Point  Estimators  of  Vector  Parameters 

Let  X be  a random  p-varlate  normally  distributed  vector  having  unknown 
mean  vector  n and  unknown  covariance  matrix  £,  and  let  W be  Independently 
distributed  with  a Wlshart  distribution  with  n degrees  of  freedom  and  ex- 
pected value  nj:.  In  [3],  which  will  appear  In  the  July,  1979  Annals  of 
Statistics.  Dr.  Gleser  exhibits  a broad  class  of  estimators  for  m each  of 
which,  under  general  quadratic  loss,  dominate  the  usual  estimator  X in  risk 
(p  21  3).  A generalization  of  the  problem  of  this  paper  to  the  case  where 
k Independent  p-dlmenslonal  normally  distributed  random  vectors  Xj  .X^,. . ..X^ 
with  unknown  mean  vectors  ,n2. . . . and  common  unknown  covariance  j;  are 
observed  along  with  N Is  treated  In  [5],  currently  In  preparation. 

The  technical  report  [IT  hv  Dr.  George  Casella  concerns  the  mlnlmaxlty 
of  generalized  ridge  regression  estimators  for  the  parameters  of  the  classical 


? 


univariate  linear  regression  model.  A revision  of  this  report  has  been 
accepted  for  publication  by  the  Annals  of  Statistics. 

The  dissertation  [6]  by  Mr.  Jlunn  Fzon  Hwang,  written  under  the  direction 
of  Dr.  James  0.  Berger  and  partially  supported  by  the  grant,  concerns  Improved 
estimators  of  the  components  of  a vector  parameter  0 » (e^,...,e  ).  of  the 
joint  distribution  of  p Independent  discrete  observations  , where  j^he 

marginal  distribution  of  had  the  discrete  exponential  form  (<k)B.  (X^  )o^  . 
The  loss  function  for  estimating  e by  a = ( a 1 .a^, . . . ,ap)  is  of  the  form 

^ c . 0 . -a . ) ^ . In  Hwang's  work,  the  problem  of  improving  upon  inadmissible 
1=1  11  1 1 

estimators  Is  reduced  to  the  study  of  generalized  difference  inequalities. 
Typical  difference  inequalities.  Including  those  appearing  for  the  Poisson 
and  negative  binomial  distributions  are  presented  and  solved.  Theorems  are 
obtained  which  establish  the  Inadnlsslbl 1 1 ty  of  certain  broad  classes  of 
estimators.  Hwang's  work  generalizes  previous  research  in  this  area  by: 

(1)  Use  of  a more  generalized  loss  function,  (2)  Illustrating  how  to  improve 
upon  biased  (as  well  as  unbiased)  estimators,  and  (3)  exhibiting  broader 
classes  of  estimators  which  improve  both  upon  the  usual  estimators  and  upon 
some  "Improved"  estimators  previously  suggested  In  the  literature.  Mr.  Hwang 
will  receive  his  Ph.D.  in  August  1979  and  will  then  become  a faculty  member 
at  Cornell  University. 

2.  Bayesian  Multiple  Comparisons  In  Factorial  Designs 

Mrs.  Alice  Sun  Huang  worked  under  Dr.  Gleser's  direction  on  the  problem 
of  finding  Bayes  rules  for  multiple  comparisons  of  the  cell  means  In  a 
balanced  two  factor  analysis  of  variance  design,  generalizing  the  work  of 
Duncan  and  Waller  [Journ.  Amer.  Statist.  Assoc.  (1969),  1484-1503]  for 
one-factor  designs.  Mrs.  Huang  found  the  form  of  the  Bayes  rules,  and  was 
working  on  algorithms  to  compute  cut-off  points  for  the  decision  rules  when 
she  elected  to  take  a leave  of  absence  to  obtain  Industrial  work  experience. 

3.  "Errors-ln-VarlaHes"  Multivariate  Regression  Models 

Dr.  Gleser  extensively  revised  his  paper  [2]  In  response  to  comments  of 
referees  for  the  Annals  of  Statistics.  New  material  was  added  to  the  paper 
relating  to  an  extension  of  the  "errors-ln-varlables"  regression  model  to 
Include  an  Intercept,  and  to  the  question  of  whether  the  assumptions  made 
In  the  paper  about  the  form  of  the  error  covariance  matrix  could  be  relaxed. 
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The  technical  report  [4]  concerns  algorithms  for  calculation  of  the  maximum 
likelihood  estimators  of  the  model,  and  the  lack  of  feasibility  for  simula- 
tions required  to  verify  small-sample  coverage  properties  of  the  large-sample 
confidence  region  proposed  In  [2]  for  the  slope  parameters  of  the  model  when 
the  total  number  of  variables  exceeds  5.  This  paper  was  presented  as  an 
Invited  talk  at  the  1978  Eastern  Regional  Meeting  of  the  Insltute  of  Mathema- 
tical Statistics  at  New  Brunswick,  New  Jersey.  No  publication  of  this  paper 
Is  planned.  A first  draft  of  a new  technical  report  comparing  three  confidence 
Intervals  proposed  in  the  literature  for  the  slope  parameter  In  the  one- 
dimensional case  (one  Independent  and  one  dependent  variable)  is  nearly  complete. 
The  conclusion  of  this  new  technical  report  Is  that  none  of  the  three  Inter- 
val estimation  procedures  Is  totally  satisfactory  in  terms  of  coverage  (large 
and  small  sample)  and  length. 

4.  Sequential  Bayes  Regional  Estimation  Procedures 

The  dissertation  [15]  by  Mr.  Richard  Sundhelm,  written  under  the  direction 
of  Dr.  Gleser,  extends  prior  work  of  Gleser  and  Kunte  [Ann.  Statist.  (1976), 
685-711]  concerning  asymptotically  pointwise  optimal  (A.P.O.)  and  asymptotically 
optimal  (A.O.)  sequential  Bayes  Interval  estimators  In  single-parameter  models 
to  the  case  of  A.P.O.  and  A.O.  sequential  Bayes  regional  estimators  for  functions 
g^(e),  1 < 1 < r,  of  a p-dlmensional  parameter  vector  o(r  <_  p).  The  disserta- 
tion also  gives  sufficient  conditions  under  which  It  is  possible  to  approximate 
the  Bayes  rules  with  rules  of  simpler  functional  form,  while  still  maintain- 
ing A.P.O.  and  A.O.  properties.  These  last  results  provide  some  answers  to 
the  question  of  how  robust  the  Bayes  procedures  are  to  the  choice  of  the  prior 
distribution  for  e.  Mr.  Sundhelm  will  receive  his  Ph.D.  degree  in  August  1979; 
he  is  currently  a faculty  member  at  Kansas  State  University. 

5.  Other  Activities  and  Honors 

Or.  Gleser  has  given  invited  talks  on  work  supported  by  this  grant  at 
the  1978  Eastern  Regional  Meeting  of  the  Institute  of  Mathematical  Statistics 
and  at  Eastern  Illinois  University.  He  Is  currently  a member  of  the  Management 
Committee  of  The  Journal  of  Educational  Statistics,  and  has  just  ended  a seven 
year  tenure  as  Associate  Editor  of  the  journal  Psychometrlka.  Dr.  Gleser 
organized  a session  on  multivariate  analysis  at  the  1978  Central  Regional 
Meeting  of  the  Institute  of  Mathematical  Statistics  held  at  Lexington,  Kentucky. 


Mr.  Richard  Sundhelm  and  Mr.  Jlunn  Hwang  received  the  Irving  W.  Burr 
Award  of  the  Department  of  Statistics  at  Purdue  University  in  the  years  1978 
and  1979,  respectively.  This  award  Is  granted  annually  to  the  Ph.D.  student 
In  the  department  who  has  made,  and  promises  to  make,  the  greatest  contribu- 
tion to  the  department  and  the  statistical  profession. 

B.  RESEARCH  OF  DR.  DAVID  S.  MOORE 
1.  General  Chi-Square  Statistics  for  Lack  of  Fit 

Research  continued  on  applications  and  extensions  of  the  theory  of 
general  chi-square  statistics  for  tests  of  fit,  building  on  the  earlier  work  of 
Moore  and  Spruill  [Ann.  Statist.  (1975),  599-616]. 

In  [8],  Dr.  Moore  and  Dr.  Daniel  Mihalko  extended  the  Moore-Spruil 1 
Theory  to  the  case  of  randomly  censored  data.  Data  of  this  type  are  common 
In  life  testing  situations.  Based  on  the  general  theory,  explicit  usable 
statistics  for  testing  the  fit  of  censored  samples  to  the  exponential,  normal, 
uniform  and  Welbull  families  of  distributions  were  derived.  These  statistics 
use  convenient  estimators  of  unknown  parameters (the  maximum  likelihood 
estimator  in  cases  where  It  has  a closed  form  expression)  and  have  chi-square 
limiting  distributions  under  the  null  hypothesis.  They  are  therefore  easily 
computable  and  require  only  standard  tables  of  critical  points.  At  the  suggestion 
of  the  referees,  substantial  additional  theoretical  work  was  done  to  extend 
the  theory  to  Include  asymptotic  behavior  under  contiguous  alternatives.  Thus 
extended,  the  paper  has  been  accepted  by  the  Annals  of  Statistics  to  appear 
In  May,  1980. 

An  application  of  the  Moore-Spruill  Theory  to  testing  multivariate  normality 
was  made  by  Moore  and  Stubbleblne  In  [11].  Data-dependent  cells  are  employed 
which  are  bounded  by  hyperellipses  centered  at  the  sample  means  and  having 
shape  determined  by  the  sample  covariance  matrix.  Such  cells  can  be  chosen 
to  be  equlprobable  under  the  (composite)  hypothesis  of  multivariate  normality, 
so  that  the  cell  frequencies  are  Immediately  Indicative  of  departures  such 
as  peakedness  or  heavy  tails.  Chi-square  tests  based  on  these  cells  have 
many  convenient  properties,  which  are  studied  and  reported.  These  tests  are 
then  applied  to  test  the  multivariate  normality  of  returns  on  common  stocks, 
an  assumption  commonly  made  In  the  theory  of  financial  markets.  A large  data 
base  (midweek  closing  prices  for  560  stocks  over  501  weeks)  Is  employed  to 
study  normality  of  returns  and  to  obtain  results  and  make  suggestions  on 


practical  use  of  the  proposed  tests. 

In  addition,  final  revisions  were  made  on  Dr.  Moore's  Invited  contri- 
bution [9]  to  the  Studies  In  Statistics  volume  of  the  Mathematical  Associa- 
tion of  America.  This  volume  has  now  appeared. 

2.  Other  Activities  and  Honors 

Dr.  Moore  Is  currently  serving  as  chairman  of  the  Satlstlcal  Education 
Section  of  the  American  Statistical  Association,  and  as  a member  of  the  Special 
Papers  Committee  of  The  Institute  of  Mathematical  Statistics.  He  was  Invited 
to  contribute  an  essay  on  "Statistical  Analysis  of  Experimental  Data"  to  the 
volume  Mathematics  Today:  Twelve  Informal  Essays  ( Springer- Verlag,  1979), 
a volume  prepared  for  the  Joint  Projects  Committee  of  the  mathematics  profes- 
sional societies. 

C.  OTHER  RESEARCH 

Mr.  V.  Ramaswaml  did  his  dissertation  research  under  partial  support 
of  both  this  grant  and  a previous  grant  (AF0SR-72-2350C)  at  Purdue  University. 
Although  he  received  his  Ph.D.  from  Purdue  University  in  August  1978,  he  did 
his  work  at  the  University  of  Delaware,  under  the  direction  of  Professor 
Marcel  Neuts  and  also  under  partial  support  of  grant  AF0SR-77-3236  at  that 
university.  Technical  reports  [12],  [13],  [14]1,  the  last  two  of  which  were 
written  jointly  with  Professor  Neuts,  are  based  on  Ramaswaml's  dissertation. 
Since  these  reports  have  been  described  In  the  annual  reoort  for  Grant 
AFOSR-77-3236  by  Professor  Neuts,  and  copies  have  been  submitted  to  the 
Air  Force,  It  would  be  redundant  to  describe  them  here.  However,  they  are 
listed  In  the  bibliography  of  papers  In  Part  III. 
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^ In  these  reports  Ramaswaml  acknowledges  support  from  Grant  AF0SR-72-2350C 
but  mistakenly  falls  to  acknowledge  support  of  the  present  grant. 
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